Introduction
Groundwater accounts for more than 98% o f available freshwater resources.
Approximately one-fifth of the total amount of water used for drinking purposes, for industrial cooling, for agricultural purposes, or as process water comes from groundwater (1) .
Excessive groundwater withdrawal results in a lowering of the groundwater level, causing phreatophytic stress for both natural and agricultural vegetation (2). This, in turn, may have a significant impact on the num ber o f terrestrial plant species that could occur within the vegetation communities affected (3-6).
Until recently, an operational method to evaluate the environmental impacts associated with water use was lacking in Life Cycle Assessment (LCA). Therefore m ost case studies left out water use as an impact category, even if water withdrawal was identified as a large inventory flow (e.g. 7,8). If water use was incorporated in the impact assessment, it was usually addressed by simply taking the inventory data, i.e. the total amount o f water used (e.g. 9,10). Recently, efforts have been made to incorporate water use in LCA, firstly by means o f reviewing possibilities and setting up frameworks (11) (12) (13) (14) . M ila i Canals et al. (15) provide a m idpoint approach relating water use to the availability o f freshwater resources for further hum an use after 'reserving' the necessary resource for ecosystems (water stress indicator).
Van Ek et al. (16) investigated various hydrological models and a groundwater level-effect curve to predict the change in nature-value as an effect of desiccation due to groundwater extraction. Specific characterization factors were, however, not provided. Pfister et al. (17) introduced a method to address effects of freshwater consumption on biodiversity, expressed as the vulnerability o f vascular plant species, and calculated im pact indicators to be used in life cycle impact assessment (LCIA). They assumed that any water that is used can directly be replaced by precipitation, disregarding dynamic soil interaction processes. Furthermore they used the net primary production which is lim ited by water availability as an indicator for ecosystem quality, and related this to the potentially disappeared fraction o f species (PDF).
The aim o f the current study is to develop a method to address the effects o f groundwater 
Methods
C h a ra cte riz atio n facto r. The characterization factor for groundwater extraction (CF in m2 yr/m 3) in the Netherlands is defined as the change in the num ber o f plant species due to a change in extraction o f groundwater over a certain area. The CF consists o f a fate factor (FF in m 3 yr/m 3) and an effect factor (EF in 1/m). To account for spatial variation in FF and EF, a spatially explicit grid-based approach was followed whereby FF and EF were m ultiplied per grid cell and then summ ed over all grid cells i: (20) (21) (22) . A schematic representation of the NHI groundwater m odule is shown in Figure 1 Finally, b0 to b i3 are regression coefficients (25) .
Equation 4 was simplified in order to relate species occurrence Ps specifically to the moisture indicator f:
where as describes the situation of all environmental variables except f, relevant for plant species s, and bs and cs are species specific regression constants related to f. W ithin the M OVE model k-values are provided, which express the probability o f occurrence related to the model predictors. W hen Ps > k a plant species is assumed to be present, and when Ps < k a plant species is assumed not to occur (26) . The k-values were used to predict the occurrence of 625 terrestrial plant species (see supporting information). In order to determine whether a plant species could occur at a specific f (Eq. 5), variability in the other site conditions had to be accounted for. By varying r, n, s, tox, PGR, and VEG, Equation 5
was param eterized 500 times for each plant species at each f. If at least one of the realizations yielded Ps > k, it was assumed that the plant species could occur at that f. The site conditions were varied according to m easurement data in the M OVE model, with r values between 4 and 8; n between 3 and 7; s between 0 and 3; and tox between 0 and 0.4. These numbers correspond with pH between 3 and 9, N stock of 2 to 500 kg/ha/yr, chloride concentrations between 3 and 10,000 mg/L, and a potentially affected fraction o f plants due to heavy metals between 0 and 0.4 (23, (27) (28) . The physical-geographical regions (PGR) included were North Sea area, tidal area, closed estuaries, rivers, hills, urban area, sea clay, peat, higher sand grounds north, higher sand grounds south, and dunes. The vegetation types (VEG) included were nutrient-poor grassland (low herbaceous vegetation), pine forest, spruce forest, deciduous forest, and heath. A region-vegetation combination was judged to be likely, and therefore taken into account, when at least 100 records were available in M OVE (23) . The To ensure an appropriate connection between the fate factor and the effect factor, the Ellenberg value f was linked to average groundwater level (AG) with the regression found by Schaffers and Sykora (29):
The derivative at each point of the response curve, showing the PNOF in relation to AG, represents the effect factor at each AG. Average groundwater levels AG; were calculated with NHI and effect factors could then be allocated to each grid cell i. Groundwater level-response curves were created based on all plant species (n = 625) and for the species that are on the red list in the Netherlands (n = 141; (30) ). This red list is based on the IUCN criteria. A full species list is provided in the supporting information.
C u ltu ra l Perspectives. To handle value choices in the m odeling procedure in a consistent way, we applied the cultural perspective theory (31) (32) . Three cultural perspectives, i.e.
individualist, hierarchist and egalitarian were used. The individualist coincides with the view that m ankind has a high adaptive capacity through technological and economic development and that a short tim e perspective is justified. The egalitarian coincides with the view that nature is fragile, with many factors to damage it, that a long tim e perspective is justified, and a worst case scenario is needed (the precautionary principle). The hierarchist perspective coincides with the view that impacts can be avoided with proper management, and that the choice on what to include is based on the existence of evidence. Table 1 provides an overview of the value choices that can be included within groundwater modeling.
Time perspective can be applied by considering effects within a certain tim e horizon, emphasizing long term or short-term processes. In general tim e horizons of 20, 100 and infinite years are applied for the individualist, hierarchist, and egalitarian respectively (9). As no delay of over 10 years is expected in the lowering of the groundwater table due to extractions (19) , tim e horizons are not included in the perspectives. For the egalitarian perspective high importance was given to species that are already threatened in their existence and therefore red list species were included only.
The individualist is risk seeking, the hierarchist accepts a high level o f risk as long as the decision is made by experts, and the egalitarian perspective is risk adverse (32). Based on these attitudes towards risks, the individualist perspective only includes empirically proven effects. The hierarchist perspective includes scientifically accepted effects, while the egalitarian perspective includes all potential effects that may occur.
Potential positive effects were included for the individualist perspective as they have a positive attitude towards environmental benefits (31) , and if they are not uncertain for the hierarchist as well. 
Results
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